Background：The coronary flow reserve is known to be reduced in patients with hypercholesterolemia, and has also been reported to improve after lipid-lowering therapy. Using transthoracic Doppler echocardiography, the changes in the coronary flow reserve were evaluated after lipid-lowering therapy in hypercholesterolemic patients. Methods：The coronary flow reserve was determined by pulsed-wave Doppler examination at the distal left anterior descending coronary artery before and after five months of lipid-lowering therapy in 14 hypercholesterolemic patients (total cholesterol ≥230 mg/dL) with no other modifiable risk factors of coronary heart disease. Results：In all patients, the total cholesterol and low-density lipoprotein (LDL) cholesterol were significantly decreased after therapy (from 273±27 mg/dL to 199±22 mg/dL, p=0.001, from 182±25 mg/dL to 110±27 mg/dL, p=0.001, respectively). However, there was no significant change in the coronary flow reserve after lipid-lowering therapy (from 2.4±0.5 to 2.5±0.5, p=0.875). The Baseline LDL-cholesterol showed an inverse correlation with the baseline coronary flow reserve (r =-0.649, p=0.012). Conclusions：In the present study, no significant change in the coronary flow reserve was noted after lipid-lowering therapy in hypercholesterolemic patients with no other risk factors of coronary heart disease, although the baseline LDL-cholesterol levels were found to correlate well with the baseline coronary flow reserve. Transthoracic Doppler echocardiography can be used to easily and non-invasively evaluate the changes in the coronary flow velocity, coronary flow reserve and other related parameters. Therefore, a controlled trial using transthoracic Doppler echocardiography relating to the effect of lipid-lowering therapy on patients showing a wider range of baseline risk factors and LDLcholesterol level is required. (Korean Circulation J 2004 ; 34 (7) : 670-676) 
Introduction
It is well known that hypercholesterolemia is associated with a reduced coronary vasodilatory reserve in response to hyperemic stress. 1) 2) and has been reported to improve after lipid-lowering therapy. [3] [4] [5] However, most of the subjects studied in previous reports had other modifiable risk factors of coronary heart disease, such as diabetes, hypertension and smoking, in addition to hypercholesterolemia, which can affect the baseline coronary flow reserve levels and its changes. [3] [4] [5] In addition, in previous studies with mildly hypercholesterolemic patients, six months of lipid-lowering therapy had no significant effect on the coronary vasomotor function measured by cardiac catheterization 6) or positron emission tomography. 7) Transthoracic echocardiography is now able to mea-sure the coronary blood flow and coronary flow reserve, 8) and allows the coronary flow reserve to be determined with the same accuracy as coronary Doppler wire 9) and positron emission tomography. 10) Using transthoracic Doppler echocardiography, the changes in the coronary flow reserve were evaluated after lipid-lowering therapy in hypercholesterolemic patients with no other risk factors of coronary heart disease.
Methods

Study subjects and design
Hypercholesterolemic patients (total cholesterol ≥230 mg/dL) without any past history, symptoms or signs of coronary artery disease were prospectively studied. Patients with other risk factors of coronary artery disease, such as current-or ex-smokers, diabetes mellitus (fasting blood glucose ≥126 mg/dL or hypoglycemic treatment), hypertension (blood pressure ≥140/90 or antihypertensive treatment) or a family history of early coronary heart disease, were excluded.
Fifteen patients were enrolled in this study. After obtaining baseline serum lipid measurements, transthoracic echocardiography was performed to measure the coronary flow reserve. The patients were then treated with hydroxymethyl-glutaryl coenzyme A (HMGCoA) reductase inhibitors for six months. The dosage and selection of HMG-CoA reductase inhibitors were decided by the preference of the physician. The addition of another lipid-lowering agent was permitted on an individual basis. Of the 15 patients enrolled, one was excluded because of a gastrointestinal side effect attributed to the lipid-lowering agent. Fourteen patients successfully completed the study protocol, including follow-up lipids and coronary flow reserve measurements after the five months of lipid-lowering therapy (155±89 days).
Eleven of the 14 patients received simvastatin (one at 10 mg/day, nine at 20 mg/day and one at 40 mg/day), two received atorvastatin (10 and 20 mg/day, respectively) and one received lovastatin (20 mg/day). Two patients took bezafibrate at 400 mg/day, in addition to simvastatin at 10 and 40 mg/day, respectively. The study protocol was approved by the Institutional Review Board of Seoul National University Hospital and written informed consent was obtained from all patients.
Determination of coronary flow reserve
The coronary flow reserve was assessed using an 
Laboratory measurements
The serum lipid levels were measured in the venous blood, after 14-hours fasting, at the baseline and at the end of the study period. The total cholesterol, triglyceride and high-density lipoprotein (HDL) cholesterol levels were determined, and the low-density lipoprotein (LDL) cholesterol levels were calculated using Friedewald's formula.
Statistical analysis
All statistical tests were performed using the SPSS for 
Results
Patients' characteristics
The 14 patients enrolled in this study consisted of 13 women and one man, with a mean age of 59±4 years ( Table 1 ). All patients had normal systolic and diastolic blood pressures, fasting blood glucose levels, left ventricular wall thicknesses and left ventricular systolic functions.
Lipid profiles
The serum total cholesterol and LDL-cholesterol levels were significantly reduced (from 273±27 mg/dL to 199±22 mg/dL, 27±9 % reduction, p=0.001 and from 182±25 mg/ld to 110±27 mg/dL, 39±16% reduction, p=0.001, respectively), whereas the triglyceride and HDL-cholesterol were not (13±35% reduction and 5± 12% increase, respectively) after the lipid-lowering therapy ( Table 2) .
Hemodynamic data
The induction of hyperemia by a dipyridamole intravenous infusion significantly increased the mean heart rate both before (from 67±6 to 83±9 bpm, p=0.001) and after the lipid-lowering therapy (from 68±10 to 83± 12 bpm, p=0.001).
Changes in coronary blood flow and coronary flow reserve
Lipid-lowering therapy caused no significant changes in the mean diastolic and systolic velocities or the diastolic to systolic velocity-time integral ratio (DSVR) during hyperemia or at rest ( Table 3) . The coronary flow reserve in all the patients showed no significant change after the lipid-lowering therapy (from 2.4±0.5 to 2.5± 0.5, p= 0.875) (Figure 2 ). 
Correlation between lipid levels and coronary flow reserve
The baseline coronary flow reserve was found to be inversely correlated with the baseline LDL-cholesterol (p=0.012, r=-0.649) (Figure 3) . However, the serum concentrations of total cholesterol (p=0.130, r=-0.425), triglyceride (p=0.201, r=0.38) and HDL-cholesterol (p= 0.951, r=-0.013) were not related to the coronary flow reserve.
Discussion
In the present study on hypercholesterolemic patients without any modifiable risk factors of coronary artery disease, the coronary flow reserve measured by transthoracic echocardiography did not change significantly, despite a significant decrease in the total and LDLcholesterols after the five months of lipid-lowering therapy. Several factors might explain the discrepant result in the lack of significant change in the coronary flow reserve after the lipid-lowering therapy. Firstly, differences in the study population are an important factor. In previous studies that reported improved coronary flow reserve after lipid-lowering therapy, patients with coronary artery disease, [3] [4] [5] hypertension , 3)4) non insulin-dependent diabetes mellitus 3)5) and smokers 3) were included. Moreover, in such a study, 3) both the systolic-and diastolic-blood pressures decreased significantly after the lipid-lowering therapy. The coronary flow reserve has been reported to be reduced in the presence of significant coronary artery stenosis, 11) in patients with diabetes due to an impaired microvascular function even in the absence of obstructive coronary atherosclerosis, 12)13) and in patients with hypertension. 14) In the present study, all patients with traditional risk factors of coronary heart disease, such as, hypertension, diabetes and smoking, and those with overt coronary artery disease were excluded. Therefore, only hypercholesterolemic patients with age-and sex-related coronary risks were included in this study, thereby excluding the possible confounding effects of modifiable coronary risk factors other than hypercholesterolemia. The baseline mean total cholesterol level of the patients enrolled in the present study (273±27 mg/dL) was not significantly lower than those of the studies by Yokoyama et al (263±33.8 mg/dL), Baller et al(241±44 mg/dL) and Guethlin et al(258±24 mg/dL). [3] [4] [5] Secondly, the female predominance of the present study may explain our results. Previously, it has been shown that, in asymptomatic familial hypercholesterolemia patients, the coronary flow reserve was significantly higher in women than in men. 15) While such a significant gender-specific difference was not evident in the control subjects, it has previously been postulated that the gender-specific differences in the coronary flow reserve might be related to the lower incidence of coronary artery disease in women with familial hypercholesterolemia. 15)16) However, some previous studies favored the lack of gender specific effects of hypercholesterolemia on the coronary flow reserve, and reported the lack of a significant difference between the coronary flow reserves of men and women, in patients with hypercholesterolemia and normal coronary arteries, 14) coronary artery disease 17) and in healthy volunteers. 18) In addition, Yokoyama et al. 19) recently reported no difference between men and women with familial hypercholesterolemia in terms of improved myocardial flow reserve after moderate-to long-term simvastatin therapy. Thirdly, the lack of a significant reduction in the triglyceride levels in our study may present another reason for the insignificant change in the coronary flow reserve observed after lipid lowering therapy. In previous reports on the significant improvement in the coronary flow reserve after lipid-lowering therapy, the plasma triglyceride, HDL-cholesterol, total cholesterol and LDLcholesterol concentrations changed significantly.
3)4) Furthermore, patients with lone hypertriglyceridemia have been reported to show reduced coronary vasodilatation. 20) In an animal experiment, a rise in capillary resistance due to an increased blood viscosity was suggested as a key mechanism of decreased coronary blood flow reserve during hypertriglyceridemia. 21) In addition, a recent study has shown that an increase in the plasma triglyceride levels after a single high-fat meal in 15 young healthy men induced a significant reduction in the coronary flow reserve measured by transthoracic Doppler echocardiography. 22) In our study, the plasma triglyceride levels
were not significantly changed after the lipid lowering therapy, which might be one of the causes of the insignificant changes in the coronary flow reserve. Fourthly, the duration of lipid-lowering therapy may also be a factor. In previous reports, which showed an increase in the coronary flow reserve after lipid-lowering treatment, the duration of therapy was longer than that used in the present study.
3)4)
In the present study, the baseline coronary flow reserve was found to be inversely related with the baseline LDL-cholesterol. Past studies have also reported the correlation between LDL-cholesterol and the coronary flow reserve. 1)2)14)23) An impaired endothelial function was suggested as the main mechanism that reduced the coronary flow reserve in patients with hypercholesterolemia.
1)2)14)23)
Limitations of the study First, our study was limited by the number of patients involved. The exclusion of other modifiable risk factors of coronary heart disease was a major enrollmentlimiting factor. In addition, because of the uncomfortable experience during dipyridamole infusion, patients were reluctant to participate in the study, as they required a follow-up examination once enrolled.
Second, the duration, selection and dosage of lipidlowering agents were not standardized. However, our study was designed to evaluate the relation between hypercholesterolemia and coronary flow reserve, and our results do not seem to be affected by the diversity of lipid lowering agents used, as the cholesterol levels were adequately controlled.
Conclusion
In the present study, no significant change in the coronary flow reserve was noted after the lipid-lowering therapy for hypercholesterolemic patients with no other risk factors of coronary heart disease, although the baseline LDL-cholesterol levels were found to correlate well with the baseline coronary flow reserve. Transthoracic Doppler echocardiography was able to easily and noninvasively evaluate the changes in the coronary flow velocity, coronary flow reserve and other related parameters. Therefore, a controlled trial using transthoracic Doppler echocardiography to assess the effect of lipidlowering therapy on patients showing a wider range of baseline risk factors and LDL-cholesterol level is required. 
